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(57) Abstract: Described is a method of selecting a sub- 
set of out of antennas by, starting fixjm a hyjwthetical set 
of antennas, removing times an antenna from the hypo- 
thetical set such that a capacity of the hyix)thetical set af- 
ter removal of the antenna has a maximum value. The 
subset of out of antennas corresponds to the remaining hy- 
pothetical set of antennas. The method is computationally 
efficient and can advantageously be used in a transmit- 
ter (12) having transmit antennas (16) and transmit chains 
(20), , to select a subset of transmit antennas (16) which, 
when coupled to the transmit chains (20), can transmit 
signals with a near-optimal transmit capacity. Similarly, 
the method can be used in a receiver (14) having receive 
antennas (22) and receive chains (26), , to select a subset 
of receive antennas (22) which, when coupled to the re- 
ceive chains (26), can receive signals with a near-optimal 
receive capacity. 
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METHOD OF SEIiECTING A SUBSET OF ANTENNAS AMONG A PLURALITY OF ANTENNAS IN A DIV 
ERSITY SYSTEM 

The invention relates to a method of selecting a subset of N out of N 
antennas for receiving/transmitting N signals. 

The invention further relates to a receiver for receiving N signals, the receiver 
comprising N receive antennas and N receive chains, N being larger than 7/ , to a 
5 transmitter for transmitting M signals, the transmitter comprising M_ transmit antennas and 
M transmit chains, A£ being larger than M , to a method of receiving N signals by means 
of a receiver comprising N receive anteimas and N receive chains, N being larger than N , 
and to a method of transmitting M signals by means of a transmitter comprising M transmit 
anteimas and M transmit chains, M being larger than M . 

10 

Such a method is known from the paper "Hybrid selection/optimum 
combining" by Jack H. Winters and Moe Z. Win, Proceedings Vehicular Technology 
Conference, Rhodes, May 2001. In modem transmission systems transmitters/receivers may 

15 be equipped Avith multiple transmit/receive antennas in order to efficiently communicate 
infomiation. The nimaber of physical transmit/receive antennas may be bigger than the 
number of available transmit/receive chains (e.g. the number of digital inputs/outputs). In 
such a case only a subset of the available transmit/receive anteimas can be used 
simultaneously. This subset may be optimised subject to the channel between the transmitter 

20 and the receiver, i.e. according to chaimel information that may be available at the receiver 

and/or transmitter. From the above mentioned p^er it is known that the use of more antennas 
than the actual transmit/receive chains, with adaptive selection of an active subset of anteimas 
subject to channel information, can lead to a substantial increase in. capacity of a wireless 
channel. 

25 The known method of selecting a subset of antennas is computationally 

iuefficient It involves an exhaustive search for the best subset, i.e. the subset that provides an 
optimal capacity (throughput) of the communication channel. The required number of 
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computations for such a brute force approach increases exponentially with a linear increase in 
the number of antennas and becomes infeasible even for a moderate number of antennas. 

5 It is an object of the invention to provide a method according to the preamble 

wliich is computationally efficient while still resulting in a substantially optimal subset, i.e. a 
subset providing a substantially optimal conmiunication capacity. This object is achieved in 
the method according to the invention, said method comprising, starting from a hypothetical 
set of N antennas, removing (N-N) times an antenna from the hypothetical set such that a 

10 capacity of the hypothetical set after removal of the antenna has a maximimi value, the subset 
corresponding to the remaining hypothetical set of N antennas. The invention is based upon 
the recognition that a substantial reduction of the computational complexity can be achieved 
by starting from a hypothetical set of N antennas and subsequently removing, one by one, 
(N-N) antennas from the hypothetical set so that at every stage that antenna is removed the 

15 removal of which yields a minimum decrease of the communication capacity of the subset of 
antennas corresponding to tihte hypothetical set. It is noted that at each stage only a single 
antenna is removed. Starting from a hypothetical set of N antennas, (N-N) antennas are 
subsequently removed until a hypothetical set of N antennas remains. This remaining 
hypothetical set of N antennas corresponds to the desired subset of N antennas. This subset 

20 of N antennas can thereafter be coupled to the available receive/transmit chains. 

Simulations have shown that this approach leads to selection of a subset that provides a 
communication capacity which is very close to the optimal communication capacity of the 
known method. 

The above object and features of the present invention will be more apparent 
25 from flie following description of the preferred embodiments with reference to the drawings, 
wherein: 

Fig. 1 shows a block diagram of a transmission system 10 according to the 

30 invention. 

Fig. 2 shows a flow diagram illustrating the method according to the 

invention, 
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Figs. 3 and 4 show some graphs illustrating the performance of the method 
according to the invention. 

hi the Figs., identical parts are provided with the same reference nmnbers. 



Fig. 1 shows a block diagram of a transmission system 10 according to the 
invention. The transmission system 10 comprises a transmitter 12 and a receiver 14. The 
transmission system 10 may comprise further transmitters 12 and receivers 14 (not shown). 
The transmitter 12 comprises a number M of transmit antennas 16 and a number M of 
transmit chains 20. Fig. 1 illustrates merely an embodiment of a transmitter 12 in which M 
is equal to five and M is equal to two. Other values for M and M are possible as long as 
M is larger than M . The transmitter 12 further comprises coupling means 18 for selectively 
coupling the two transmit chains 20 to a subset of two out of the five transmit antennas 16, 
The coupUng means 18 are arranged for selectmg the subset of M antennas 16 by, starting 
from a hypothetical set of M antemas, removing (A£ - M) times an anteima from the 
hypotiietical set such that a capacity of the hypothetical set after removal of the antenna has a 
maxhntrai value. At the end, the desired subset corresponds to the remaining hypothetical set 
of M antennas. Because of the coupling of the two transmit chains 20 to the two transmit 
antennas 16 the transmitter 12 is able to transmit two (M) signals via a (wireless) channel to 
the receiver 14. The transmit chains 20 each may comprise a conventional RF front end 
which may include a digital to analog converter, one or more amplifiers, one or more filters 
and a mixer. 

The receiver 14 comprises a number N of receive antennas 22 and a number 
N of receive chains 26. Fig. 1 illustrates merely an embodiment of a receiver 14 in which N 
is equal to four and N is equal to two. Other values for TV; and iV are possible as long as N 
is larger than N , The receiver 14 further comprises coupling means 24 for selectively 
coupling the two receive chains 26 to a subset of two out of the four receive antennas 22. The 
couplmg means 24 are arranged for selecting the subset of N antennas 22 by, starting from a 
hypothetical set of N antennas, removing (N-N) times an antenna from the hypothetical 
set such that a capacity of the hypothetical set after removal of the antenna has a maximum 
value. At the end, the desired subset corresponds to the remaining hypothetical set of N 
antennas. Because of the coupling of the two receive antennas 22 to the two receive chains 26 
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the receiver 14 is able to receive two (N) signals via the (wireless) channel from tiie 
transmitter 12, The receive chains 26 each may comprise a conventional RF front end which 
may include one or more amplifiers, one or more filters, a mixer and a analog to digital 
converter. 

5 Fig. 2 shows a flow diagram illustrating the method of selecting a subset of N 

out of N antennas for receiving/transmitting N signals according to the invention. The 
method comprises a number of steps 30, 32, 34, 36 and 38. In step 30 the method is started 
and variables are initaUsed. A variable or a set of variables representing a hypothetical set of 
antennas is initialised in such a way that the hypothetical set comprises N antennas. An 

10 auxiliary variable n is set to zero. This auxiliary variable n is used to control the number of 
times the steps 32 and 34 are executed. 

Thereafter, in step 32 the antenna to be removed next from the hypothetical set 
of antennas is determined and the auxiliary variable n is incremented by one. The antenna to 
be removed next is that antenna for which a commmiication capacity (throughput) of the 

1 5 hypothetical set of antennas after removal of that anteima has a maximum value. The antenna 
to be removed next can for example be detennined by calculating for each antenna in the 
hypothetical set of antennas the resulting capacity after removal of that antenna and by 
selecting the antenna or one of the antennas resulting in the highest capacity. Altematively, 
the capacity reduction due to the removal of an antenna can be calculated for each antenna in 

20 the hypothetical set and the antenna the removal of which results in the smallest capacity 
reduction is selected. 

Next, in step 34 the antenna that was determined in step 32 is removed from 
the (variable/variables representing the) hypothetical set of antennas. 

Next, in step 36 it is determined whether the auxiliary variable n is larger than 

25 (iV; - AO • If so, the steps 32 and 34 have been executed (N - N) times and (N-N) 

antennas have been removed from the hypothetical set of antennas (which initially comprised 
N antennas) and the method continues with step 38. If not, at least one other antenna has to 
be determined and removed from the hypothetical set of antennas and therefore the steps 32 
and 34 are executed once again. 

30 In step 38 the method is finished and the variable/variables rq>resenting the 

remaining hypothetical set of antennas comprise N antennas. The desired subset corresponds 
to tihis remaining hypothetical set of N antennas. 
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The coupling means 18 enable switching any M out of M_ transmit antennas 
to the available M transmit chains 20. Similarly, the coupUng means 24 enable switching 
any N out of N_ receive antennas 22 to the available N receive chains 26. Let us define 
s\k\ = . . . , [A:])^ as a M x 1 vector of signals supplied to the transmit chains 20, to 

be transmitted at a symbol interval ^ > 0 and - (x, [A:] , . . . , as the corresponding 

N X I vector of the received signals, where (^) stands for the matrix transpose. First, we 
assume a non-selective noisy channel so that the relationship between s[k] and^A:] may be 
written as follows: 

m = V^H4^] + n[k] (1) 
where is the (average) signal energy per channel use contributing from any transmit 
antenna to any receive antenna, n[k] is the x 1 vector of the ambient noise with average 
energy per antenna {N^/2) per complex dhnension and H is an x M channel matrix 
where the entry H^^ specifies a complex- valued memoryless channel between the^? -th 
transmit and the^ ~th receive chain. We assume an additive white Gaussian ambient noise so 
that E{n[k]n[k]^} = I^, where e{} is the mathematical expectation, is the NxN 
identity matrix and ) denotes the Hermitian conjugate. 

The maximinn throu^put (capacity) of such a channel, measured in bits per 
channel use, is given by 

C(H) = log,det(l^+fe/Ar,)HH^) (2) 
where detQ stands for the determinant. Generally, the objective of the antenna selection 
procedure is to select M transmit (TV receive) anteimas out of the total available M transmit 
(iV; receive) antennas so that the throughput (2) is maximised. Define M asa NxM matrix 
that describes a memoryless channel between M transmit and N receive antennas 
(assxmaing they are all equipped with appropriate transmit/receive chains). The antenna 
selection problem is now equivalent to the selection of a x M sub-block Uof the NxM 
matrix H that maximises equation (2). A brute force approach to this problem as suggested in 
the above mentioned paper is an exhaustive maximisation of equation (2) over all possible 
NxM sub-blocks of H . This approach is, however, too burdensome when M and/or N is 
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relatively big. In the following, a sub-optimal selection algorithm is described which is 
computationally efficient. 

Assume first that a fixed subset of M antennas is selected at the transmitter 
(M^M makes sense when the transmitter has no channel information) while a set of 
arbitrary N receive antennas out of N available antennas may be adaptively selected at the 
receiver given the knowledge of an NxM channel matrix H . The latter matrix is acquired 
during a channel estimation phase when all (subsets of) N receive antennas are successively 
connected to the N available front-ends, hi accordance with the principles of the present 
invention (N~N) receive antennas are subsequently removed so that at every stage one 
antenna is removed whichever yields a minimimi decrease of the capacity according to 
equation (2). We next focus on the implementation of this idea. 

Note that removing a single receive antenna is equivalent to suppressing a 
single row of the matrix H . Denote H^, the p -th row of this matrix and the 
Qy; - 1) X M matrix built of the remaming Qv; - 1) rows of H . Owing to equation (2) and 
some simple algebra, the capacity correspondmg of the chaimel may be written as 
follows: 

= lo&det(I^+te/^;,)H^H)^-log,(l-fe/iV^„^^(I^ +teM)H^H)-'Hf ) 
= C(H) + log, (l - {EjN,)n^ (l^ +teM)H"H)-' h;) (3) 
Note that removing the p -th row results in a capacity reduction reflected by 
the second term in the right-hand side of equation (3). Hence, the optunal selection of (N-I) 
receive antennas out of iV; yields p that maximises (3) or, equivalently, that minimises 

eA^mAK/NoWeVu^, (4) 
For the general case where N<N and M~M , (N-N) antennas are 
subsequently eliminated so that at every stage, a single antenna is eliminated which yields a 
minimum decrease of the capacity in (3) or, equivalently, the minimum of (4). Note that H 
should be replaced by its sub-matrix that excludes the rows corresponding to the removed 
receive antennas (e.g. at the second stage, H is replaced by ). To efficiently implement 
such a procedure, we need a computationally efficient \xpdate for the matrix inverse in (4). 
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Such an update may be achieved due to a relationship involving a non-singular Hermitian 
matrix A and a vector x of the same dimaision 

(a - xx^)'' = A-' + A-'x(l - x^A-^x)"'x^A-' (5) 
where A stands for the matrix inverse exploited at the previous stage and x is ^EjN^ times 
5 the transposed row of the channel matrix removed at the previous stage. A pseudo language 
description of an algorithm for selecting A/^ receive antennas out of 1± is given below: 

Set H-^-H, i-<-(l,...,7V:) and compute B = [\^ +{EjN^)u"lLy\ 

For n = l to (N-N) 
10 Begin 

Fmd p such that H^BHf < H^BH^ , l<p<{N-n + l); 

Update i <- (i, 

lfn<(N-N) 
Begin 

15 Update B <- B + BHf({EjN,)-' - H^BH^ Yh^B, 

End 
End 

20 First, the channel matrix H and the vector i are initialised: H is made equal 

to iV; X M channel matrix H and i is made equal to an 1 x vector containing the indices of 
all N antennas. The vector i represents the hypothetical set of antennas (which initially 
comprises N anteimas)* Furthermore, during initialisation the auxihary variable B (which is 
the middle part of expression (4)) is computed. The computed value of this variable will be 

25 used during the calculation of the communication capacity during the first iteration of the 
algorithm. 

Next, the algorithm performs (N-N) iterations and at each iteration first the 
antenna to be removed next (i.e. ^ ) is determined and thereafter the antenna is removed 
from the hypothetical set of antennas by removing the corresponding antexma index i ^ from 
30 vector i . ^ is determined by calculating the throughput/capacity reduction expression (4) for 
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all remaining antennas p in the hypothetical set of antennas (by using the pre-calculated 
value of B ). p corresponds to the antenna (or one of the antennas) the removal of which 
results in the smallest throughput/capacity reduction (in other words: the removal of which 
results in the highest remaining throughput/capacity). 
5 It is noted that it is also possible to compute the capacity/throughput of the 

remaining hypothetical set after removal of each individual antenna in each iteration for all 
antennas in the hypothetical set. However, it is less complex and computationally more 
efficient to calculate the capacity/throughput differences instead of the actual c£q)acities. 

The channel matrix H and the auxiliary variable B are updated at each 
10 iteration of the algorithm (except for the last iteration) to prepare for the next iteration. The 
update of the channel matrix H involves the exclusion of the row corresponding to the just 
removed antenna p . 

Finally, after completion of the algorithm the resulting 1 x vector i 

contains the indices of the selected receive antennas, 

15 It is easy to see that this algorithm may also be applied to select transmit 

antennas (i.e. the case where N -N_ and M > M ), To this end, we note that die channel 
capacity expression (3) is invariant with respect to Hermitian conjugation of the channel 
matrix, see the first row in (3), Hence the above presented algorithm may readily be 
exploited, after replacing the initialisation H<-H by H^g'^, Ij^ by I^, N by M and 

20 7^/; by M . A pseudo language description of the resulting modified algorithm for selecting 
M transmit antennas out of M is given below: 
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Set H<-H*, i<-(l,...,M) and compute B = (l^ + (j?,/i\/jH*H )"'. 

For n = l to (M-M) 

Begin 

Find ^ such that H^BHf ^ BH^ . l</,<(M-n + l); 

Update i <r- (i,,...,i^-„V„...,V„,J; 

lfn<(M-M) 

Begin 

Update B B + BU", {{eJnJ' - H^B )"'h^B, 

End 
End 

Note fliat channel knowledge at the transmitter 12 is mandatory for transmit 
antenna selection. This knowledge may be supplied in different ways. One possibiUty is to 
use a feedback Hnk from the receiver 14 to the transmitter 12. The receiver 14 makes use of 
this feedback link to communicate the acquired channel parameters to the transmitter 12. 
Another option may be available m the time division duplex (TDD) mode wherein the same 
carrier frequency is used for both forward and reverse link. In such a case, each site acquires 
parameters of the propagation channel between the sites during its reception phase. Due to 
the reciprocity of electromagnetic wave propagation, the channel parameters acquired during 
the reception phase may be considered identical to the channel parameters required to 
accomplish antenna selection for the subsequent transmission phase. A suitable way to 
supply the transmitter 12 with the channel knowledge depends on system requirements and 
the type of time-frequency resources allocation. 

The algorithms presented above are valid for memoryless channels. Below, 
similar algorithms for frequency selective channels will be developed. Frequency selectivity 
of wireless communication channels is usually due to multi-path propagation that results in 
inter-symbol interference. Often, the propagation delay spread appears to be a moderate 
multiple of the symbol rate. Such channels may be accurately approximated by finite impulse 
response (FIR) linear filter with a moderate number of taps. In these cases, the memoryless 
channel model (1) extends as follows: 
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10 

where the set of NxM matrices H[o], . . . , U[l] specifies the (approximate) finite causal 
chaimel impulse response. The capacity of a firequency selective channel is given by 

C(H) = ]log,dot{l^+{EjN,)u(e''''^Xe^''^^Y]df 

0 

1 / \ ' (7) 

= J log, det(l^ + (EjNo)B.(e'"''yB{e'"^^))df 

0 

where H(e''^^) = J^^B[l]e^'^''^^ is the channel firequency response. Again we assume that 
a fixed subset of M antennas is selected at the transmitter while a set of arbitrary N receive 
antennas out of N available antennas may be adaptively selected at the receiver given the 
knowledge of an iV x M matrix channel response H[o], . . .,n[L], Clearly, the direct 
computation of (7) is too burdensome even for a small number of transmit and receive 
antennas. The exact criterion (7) may be simplified based on two observations. 

First of all, the expression (7) may be rewritten, according to Wiener-Masani 
theorem, as follows: 

C(H) = log2det(D), (8) 

where D is the il/ x innovation covariance matrix resulting fi*om the causal minimimi 
phase spectral factorization of a positive definite spectral density matrix-fiinction 

(l^ +(£,/iVo)H(e'-0"H(e"''>-)), /e(O.l). 

Second, we note that 



L / mm 

'2nfk 



H[/ + ytf H[/] 



(9) 



/=0 J |jfc|=l 

Note that the first term in the rigjit-hand side of (9) involves auto-correlations 
of the channel impulse response whereas the remaining terms involve cross-correlations only. 
Given a substantial decorrelation between the coefficients corresponding to different delay 
taps, the first term will dominate the other terms. Based on this observation, we suggest an 
approximation 



C(H) « Ios,det[l^+fe/iVj|:H[/fH[/]l. 

V M ) 



(10) 
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Later we will make use of the following notations: 

H = k[or,...,Hjzr,...,H,jor,...,H^jzrF, 
H = [Hjor,...,Hjzr,...,H,.ior,...,H^,[zrf. 

The approximation (9) yields: 

C(H) « lo&detfl^+C^JiVj^H^Hl 

5 C(H) « log,dJl^+(EjN,)j;^H''n\ (12) 

V J 

The latter expressions are similar to expressions for tiiroughput presented 
earlier for a memoryless channel (flat fading). The difference Hes in the fact that the 
consecutive (X + l)xM blocks ofthe iV(Z + l)xM matrix H ((L4-1)xM blocks of the 
N{L + 1) X M matrix H) correspond to the different taps ofthe same receive antenna, 

1 0 Hence, removing a single antenna implies removing the corresponding (X + 1) x M block 
rather than a single row, as in case of a memoryless channel. Therefore, we need the 
corresponding extensions of expressions (3) and (5). Based on these extensions an extended 
version (i.e. for frequency selective channels) ofthe earUer mentioned algorithm for selecting 
iV receive anteimas out of iV can be derived, a pseudo language description of which is 

1 5 presented below: 
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Set H<-H, i <-(!,... ,iy:) and compute B = {l^, +{eJN„)m"B. . 

For n=l to (N-N) 
Begin 

Find p such that 

5 det(l,,,-(£,/iVo)ejBH,) > det(l,,, - (£,/iVo)H^B hJ, 
l<,p<iN-n+l); 

Update i <- (i, ,...,i^_,,ip+i, --,iw-„+i); 

If n<iN-N) 

Begin 

id " Update B ^ B + BHf ({EjNoyi,,^ - H^BH^ )"'h^B, 

End 
End 

15 In this algorithm, H ^ denotes the (X + 1) x Af block that spans rows 

(/? - iXl' + 1)+ 1 through p{L + 1) of H . Note that the complexity of this algorithm grows 
significantly along with the number (L + 1) of taps. Indeed, every stage of the algorithm 
computes ( - n + 1 ) determinants and one iaverse of size (£ + 1) x (i + 1) . It is possible to 
take into account only a few significant taps of the channel impulse response for the antenna 

20 selection so as to keep L small. 

This algorithm can be adapted to select transmit antennas (N=^N and M>M), Once again, 
we exploit the invariance of the channel capacity with respect to the Hermitian conjugation of 
the channel matrix. It is only needed to modify the definitions (1 1) as follows: 

H =: [h,[o] ,...,hJz] ,...,h^[o] ]\ ^^^^ 

H = ^:,[0] ,,..,a,[i],...,H,^[0] ,...,H,^ 

25 A pseudo language description of the resulting modified algorithm for 

selecting M transmit antennas out of M under fi-equency selective chaimel conditions is 
given below: 
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Set H-^H, i <-(!,. ..,M) and compute B = (l^ + (£,/iVo)H''H . 

For n = l to (M-M) 
Begin 

Find p such that 

5 det(l,,.-(£,/iVo)H^BHj > det(l,,, - (£,/;Vo)h;B H J, 

l<p<{M-n + l); 

Update i <- (i, ,..-,ip_,,ip+,,-..,i;i^-„+i); 
Un<(M-M) 

10 Update B ^ B + BH^ {{bJnJ%^, - H^B )~'h^B, 

End 
End 

15 Figs. 3 and 4 show some graphs illustrating the performance of the method 

according to the invention. Consider a scenarion where the transmitter 12 makes use of 
M = 4 transmit antennas 16, each transmit antenna 16 being coupled to a transmit chain 20, 
(i.e. M = M ) while the receiver 14 has = 4 receive chains 16 whereas the number of 
receive antennas 22 is iV; == 8 (Fig. 3) and = 16 (Fig. 4). Let's assume a Rayleigh flat 

20 fading channel and fully uncorrelated transmit/receive antennas. In other words, the entries of 
the channel matrix H are modelled as independent identically distributed zero mean circular 
complex Gaussian variables with variance (1/2) per complex dimension. For the subsets 
resulting from various selection methods the outage capacities for outage rates 10% and 1% 
have been obtained via 10000 independent simulation trials and the resulting graphs are 

25 shown in Figs. 3 and 4. Solid lines with circles show the outage capacities for the optimal 
subset which results from the prior-art exhaustive search approach. Note that such an 

exhaustive search requires computing determinants of M x M matrices which amounts 

W 

tol820 determinants of 4x 4matrices when M=M = 4, N = 4 and iV; = 16 . SoUd lines 
with stars reflect the outage capacities of the subset determined by means of the first 
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algorithm presented above (i.e. for selecting N receive antennas out of N under flat fading 
conditions). The complexity of this procedure is dominated by the computations of 
(2M -M + i XM - M)I 2 quadratic forms defined by M x M matrices. In the above example, 
the number of quadratic forms is 174 . For benchmarking purposes the perfomiance of a 
5 randomly chosen subset of = 4 antennas is represented by a solid line with triangles. It can 
be seen that the method according to the invention yields a negligible loss as compared to the 
optimal selection. Altematively, the gain over the random selection varies according to the 
desired outage rate and approaches 50% at low and moderate SNR. 

The scope of the invention is not limited to the embodiments expUcitly 
10 disclosed. The invention is embodied in each new characteristic and each combination of 
characteristics. Any reference signs do not limit the scope of the claims. The word 
"comprising" does not exclude the presence of other elements or steps than those Usted in a 
claim. Use of the word "a" or "an" preceding an element does not exclude the presence of a 
plurality of such elements. 
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CLAIMS: 



1 . A method of selecting a subset of N out of N antennas for 

receiving/transmitting signals by, starting from a hypothetical set of antennas, 

removing (N^-N) times an antenna from the hypothetical set such that a capacity of the 

hypothetical set after removal of the antenna has a maximum value, the subset corresponding 
5 to the remaining hypothetical set of N antennas. 

2. A receiver (14) for receiving N signals, the receiver (14) comprising N 
receive antennas (22) and N receive chains (26), N being larger than N , the receiver (14) 
ftirther comprising coupling means (24) for selectively coupling the N receive chains (26) to 

10 a subset of N out of the N antennas (22), the coupling means (24) being arranged for 

selecting the subset of N antennas (22) by, starting from a hypothetical set of N antennas, 
removing (N_ — N) times an antenna from the hypothetical set such that a edacity of the 
hypothetical set after removal of the antenna has a maximum value, the subset corresponding 
to the remaining hypothetical set of N anteimas. 

15 

3. A transmitter (12) for transmitting M signals, the transmitter (12) comprising 
M transmit antennas (16) and M transmit chains (20), M being larger than M , the 
transmitter (12) fiirther comprising coupling means (1 8) for selectively coupling the 

M transmit chains (20) to a subset of M out of the M antermas (16), the coupling means 
20 (18) being arranged for selecting the subset of M antennas (16) by, starting from a 

hypothetical set of M antennas, removing (M - M) times an anteima from the hypothetical 
set such that a capacity of the hypothetical set after removal of the antenna has a maximum 
value, the subset corresponding to the remaining hypothetical set of M antennas. 

25 4, A transmission system (10) comprising a receiver (14) according to claim 2 

and/or a transmitter (12) according to claim 3. 
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5. A method of receiving N signals by means of a receiver (14) comprising N 
receive antemias (22) and N receive chains (26), N being larger than N , the method 
comprising: 

- selecting a subset of N out of the N antennas (22) by, starting from a 
hypothetical set of N antennas, removing (N-N) times an antenna from the hypothetical 
set such that a capacity of the hypothetical set after removal of the antenna has a maximum 
value, wherein the subset corresponds to the remaining hypothetical set of N antennas, 

- coupling the N receive chains (26) to the subset of N anteimas (22), 

6. A method of transmitting M signals by means of a transmitter (12) comprising 
M transmit antemias (16) and M transmit chains (20), M being larger than M , the method 
comprising 

- selecting a subset of M out of the M antennas (16) by, starting from a 
hypothetical set of M antennas, removing (M-M) times an antenna from the hypothetical 
set such that a capacity of the hypothetical set after removal of the antenna has a maximmn 
value, wherein the subset corresponds to the remaining hypothetical set of M antennas, 

- coupling the M transmit chains (20) to the subset of M antennas (16). 
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